These notes are designed to provide background information to teachers and other educators. It assumes some knowledge of biology. They are not referenced for simplicity sake. The following review articles may also be of interest (1, 2 and 3).
Definition.
Biofilms are defined as microbial colonies (they can be made of either several different species or just one species of microbe) which are attached to a surface and covered with an 'extracellular matrix' (this is a mix of sugars, proteins, and other material such as DNA which forms a protective covering surrounding the microbes).
Important background information.
This document discusses some of the nasty properties of microbes, but it is important to keep in mind that biofilms have been around for billions of years. Humans evolved alongside biofilms and all the nasty microbes mentioned do not cause disease all the time. This is very important to remember; when good hygiene routines are employed then biofilms do not usually present a hazard. This is because the human immune system effectively wards off most microbial infections before they require treatment. Serious problems can arise when people have weakened immune systems (for example when they are receiving treatment for some cancers, are older, very young, or have diseases such as AIDS). It can also be a problem when biofilms are implanted into the body, as can happen in surgery if cleaning of implants is not effective. In addition biofilms covering surfaces can also be a good thing. The majority of microbes in the environment do not cause harm and many are beneficial; if surfaces are coated with these species of microbes then there is not as much room for the "nasty" microbes to survive.
An introduction to biofilms.
Scientists had always thought that the normal way for microbes to live was as single celled floating entities (this is called 'planktonic growth'). This is how microbes are grown in the laboratory and therefore most of the findings about microbes to date have been discovered using free swimming cells. The reason microbes grow like this is because in the laboratory microbes are added to large bottles of liquid 'broth' (a sort of soup with lots of nutrients microbes need to survive) and incubated at their optimal growth temperature and atmospheric conditions on machines which agitate the cultures. This stops the microbes clumping together and ensures the solution is fully mixed and aerated.
If the broth is not agitated the microbes often clump together and form either rafts on the surface of the broth (this is called a pellicle and is a type of free floating biofilm) or attach to the sides of the glass vessel. This is the biofilm. It is now known that about 80% of microbes grow in this way in their natural habitats.
The laboratory environment is not representative of the natural environment in which microbes live. Laboratory growth conditions are usually based on getting the microbes to grow as efficiently as possible. This requires an excess of nutrients and perfect growth conditions. In nature this would not be the conditions the majority of microbes are exposed to; they have to survive long periods of sub-optimal conditions. Biofilms are now generally accepted to be one tool microbes have to survive. When microbes form a biofilm they move to a state of semi-hibernation, meaning they require less nutrients as their growth and respiration are restricted. Think of the biofilm, as penguins in the Antarctic! One penguin alone would not be able to survive the Antarctic winter, however colonies with thousands of penguins are successful as they are able to keep warmer and protect the majority of birds from the environmental conditions; a biofilm follows the same principle.
Figure 1. An image of a bottle of C. jejuni with the biofilm clearly visible as the white/opaque mass. Some of the biofilm has sunk to the bottom of the bottle because it got too heavy to float. The cells in this biofilm are still alive even after 14 weeks when shaking cultures would die after about 3-5 days. When the pellicle is sampled using a cotton wool bud, the solution on the bud is viscous and very sticky.
A good analogy is to think of the biofilm as a coral reef. They have a large diverse population of both predators and prey and the coral reef will form wherever conditions are right. Each fish (or in this case each species of microbe) also has a unique ecological niche so they compete for different resources, allowing huge populations to live together. Coral reefs are also hard to destroy completely, having great powers of regeneration, just like biofilms.
Microbes in biofilms are 'clever' and are able to sense and respond to what is happening around them and 'talk' to each other. They do this by releasing chemicals and sensing the chemicals released by the surrounding microbes. This gives information on bacterial population density, species of microbes present, and the surrounding environmental conditions (for example, predators, the amount of food, the levels of oxygen/carbon dioxide or other gases, as well as temperature). This is called 'quorum sensing' and it is thought that for some microbes this ability is essential for their biofilm forming capacity. The microbes can sense that the environment is no longer good for planktonic growth and form a biofilm to help survive the bad times.
Not all microbes are very good at forming biofilms and weak biofilm formers have three choices: live in biofilms created by other microbes, form not very good biofilms and prepare for the biofilm to break up and wash away easily, or do not form a biofilm at all. Most microbes pick option one, so microbes can be grouped into pioneers (initial formers of the biofilm) and colonizers (arrive afterwards and live in existing biofilms).
Biofilm formed by a microbe
Campylobacter jejuni. This is a species of bacteria that causes food poisoning.
Attachment of microbes to a surface.
Formation of the biofilm happens in stages.
Attachment
Initial attachment. This is caused by a few microbes attaching to a surface. At this stage the microbes can be easily removed by wiping or liquid flowing over the surface. This initial attachment can occur very rapidly (a few seconds after the surface is completely cleaned).
Permanent attachment. This happens after a few minutes on a surface and means that microbes can no longer be washed away; instead the surface would have to be scrubbed to remove them. The microbes now also start to secrete their 'extracellular matrix' (a gel made of proteins, sugars, DNA, and other components that surround the microbes, holding the biofilm together and protecting the encased cells).
Growth.
Biofilm maturation. Now that the microbes are firmly attached, they are able to divide, increasing the size of the biofilm population. Microbes can also be 'recruited' to the biofilm from the surrounding areas, again increasing the size of the population.
Further maturation. Here the biofilm continues to grow and forms the shapes found in mature biofilms. Biofilms are very well organized and structured, with channels between clumps of microbes. This shape allows water channels to form between the colonies, supplying food and air to all the microbes and removing waste products.
Detachment
Dispersal. This is where all the problems are in medicine/food hygiene related biofilms. The fact that the microbes form a biofilm is not necessarily bad, until the microbes are released from the biofilm. At this point there is the potential for LOTS of free swimming microbes to move around and contaminate new areas. Dispersal can be either active or passive. 'Active' involves the microbes sensing it is time to leave the biofilm, dissolving the extracellular matrix that holds them in place (usually this involves secretion of specific molecules called enzymes) and swimming away. This still seems to be a bit of a controversial idea and active dispersal has only been shown for some microbes. More likely in the majority of biofilms is 'passive' release. Here bits of the biofilm are sloughed off as liquid flows past, the extracellular matrix is naturally degraded, or mechanical forces break off pieces of biofilm. 
Where do we find biofilms?
The short answer is everywhere! Biofilms can form on most types of surface (or as free floating 'pellicles') so they can be found pretty much everywhere. Surfaces that are wet/damp and in contact with material containing microbes are the most likely candidates (for example water pipes, ship hulls, in your mouth, toilets, kitchen sinks). These biofilms can get quite thick and can sometimes be seen with the naked eye (the plaque build-up on your teeth is actually a biofilm, which is why it is so important to brush your teeth regularly).
Some examples of biofilms:
The good  Biofilms are essential for waste water treatment as they help break down waste products. The biofilms are encouraged to grow on filters over which the waste water passes, thus allowing them to clean the water more effectively.  Biofilms also form in both fresh and salt water and are used as food by other animals. Without these microbes at the bottom of the food-chain, ecosystems would collapse.  Biofilms in the gut help to digest food and release nutrients.
The bad
 Medical biofilms. A lot (up to 80%) of infections following surgery are linked to biofilms. This is because biofilms are able to grow on medical devices such as catheters, scalpels, and other equipment used in surgery. Thus, when we put these items into the body we also put in the microbes coating the item. These infections are usually very persistent and require serious and lengthy antibiotic treatments to eradicate the microbes. Often the infected area needs to be surgically removed as antibiotics will not work against biofilms (I've tried to explain why below). There are several reasons why a biofilm is so hard to remove once in the body; here are a few of the more common reasons; o Many antibiotics only affect actively dividing microbes. Because microbes in a biofilm are often 'hibernating,' antibiotics have no effect on the microbial population in the biofilm, and only cells that are shed from the biofilm and begin to divide are killed. Other antibiotics are available to treat biofilm infections but treatments must be carefully selected. o Once the correct treatment is selected there is a further problem. The biofilm can be very dense and solutions don't penetrate the biofilm in a uniform way. This means that only the top few layers of microbes will receive the lethal dose of antibiotic. All the other microbes will receive either no treatment or a sub-lethal dose. Exposure to sub-lethal levels of antibiotic can lead to drug resistance. o Microbes are able to transfer genes within their populations (and this is how drug resistance spreads). For the microbes to transfer DNA they must firstly be in close proximity to each other or near a source of DNA. When microbes are in a biofilms they are in very close proximity to their neighbors. This means that gene transfer throughout the biofilm population can be rapid. The extracellular matrix also contains DNA and this can also be absorbed by the microbes.
 Liquid handling. Biofilms in pipe lines and on the hulls of ships are a MASSIVE problem. This is really a problem that has been dealt with by engineers rather than biologists so the methods of treatment are very different from those seen in medical settings, based mainly on the physics of fluidic movement or non-stick coatings/biocide paints. It might sound like a ship's hull having a layer of microbes on it wouldn't be a big problem, but this is an additional activity you could try out in class. Toy boats will move through water relatively easily but if you put a layer of something sticky, like golden syrup (which is probably a similar consistency to the biofilms I work with), on the hull it will go a lot slower, or need more force to move it. In shipping this leads to increased fuel costs and decreased efficiency. It's the same in water pipes, a build-up of biofilm leads to reduced flow rate, increased pressure, and contamination of the fluid.
 Food. The problems in the food industry are a combination of the 2 areas above. We have problems with liquid handling (for example in dairies) and also contamination of food stuffs. It's not just in the food industry that this is a problem. Most people's kitchen sinks at home have more microbes in them than the toilet does. Many microbes harmful to us live in animals and so when they are killed the microbes are present in the meat and can form biofilms. We then handle the meat, transferring the microbes to our hands, door knobs, our clothes, our salad, our dish clothes, etc. This is why food hygiene and thorough cleaning of food preparation areas is so important.
